Objective: To examine the relationship between the amount and patterns of physical activity (PA), body fatness, and age in a heterogeneous adult population in the free living. Design: Cross-sectional study of the amount of PA over a 1-week period. The amount of body movements during PA (PA counts * 10 3 ) and time spent on various PA intensity categories were calculated from a triaxial accelerometer and compared with subject characteristics, including body fat from hydrodensitometry. Participants: Adult healthy men (n ¼ 48) and women (n ¼ 72) were recruited from the Nashville, Tennessee area and their PA was monitored in their free-living environment. Results: The average weekday PA counts (176.5760.3, P ¼ 0.002, r 2 ¼ 0.294), PA counts day-to-day variability (47.3732.7, P ¼ 0.002, r 2 ¼ 0.286), daily maximum PA counts (241.9789.2, P ¼ 0.001, r 2 ¼ 0.327), minute-to-minute variability on weekdays (0.28170.091, P ¼ 0.001, r 2 ¼ 0.362), and the difference between maximum and minimum daily PA counts (130.6778.3, P ¼ 0.008, r 2 ¼ 0.243) were significantly and negatively correlated with body fatness. During awake time, both men and women spent 10-12 h on low intensity (1.0-2.9 metabolic equivalents (METs)) PA, approximately 1 h on moderate (3.0-5.9 MET), and less than 10 min on vigorous (46.0 MET) PA each day. On weekends, men and women spent more time at rest (1 MET), less time on low-intensity PA, and men spent more time on moderate PA than on weekdays. Conclusions: In adults living in the Southern US the amount of free-living PA was negatively correlated with body fatness. Both men and women spent the majority of active time on low and moderate PA. PA patterns on weekends were different than on weekdays and were related to sex and age, but not to body fatness.
Introduction
Physical activity (PA) is a health-related behavior that has been an important factor in the prevention, management, and rehabilitation of many chronic diseases and conditions such as cardiovascular disease, hypertension, diabetes, osteoporosis, and obesity (Caspersen and Merritt, 1995; Manson et al, 1999 ; US Department of Health and Human Services, 2000) . It may also decrease all-cause morbidity and lengthen lifespan. The benefits of PA are seen at even modest levels of activity such as walking, gardening, and yard work for 30 min/day on most days of the week (US Department of Health and Human Services, 1996; Manson et al, 1999 ). Benefits increase with increased level of activity (US Department of Health and Human Services, 1996) . The current environment in the United States encourages the consumption of energy and discourages PA (Hill et al, 2003) . Consequent weight gain results from the net difference between energy intake and energy expenditure (EE), which is composed of an individual's resting EE, energy utilized in thermogenesis following food ingestion, and the energy expended for PA (Jequier, 1987) . Since there is no indication that there is a downward secular trend neither for a lower resting EE nor for a decrease in the thermic effect of food, the contribution of a diminished total EE to the gap between energy intake and expenditure is most likely caused by the decrease in the level of PA-related EE, which has been shown to have the largest variability in the daily total EE (Jequier, 1987; Sims, 1989; Poehlman, 1992) . Thus, relationships may exist between PA-related EE and total EE and the development and maintenance of excess weight gain. However, welldefined associations between these variables are difficult to establish since body weight determines the amount of energy used while performing PA. Therefore, the amount of physical movement, as compared to total EE, may provide a more objective measure of the relationship between PA and body fatness. Furthermore, since PA is highly variable, the within-day and between-day variations in the amount and intensity of PA may reveal additional factors that affect PA's relationship to obesity. Data examining the relationship between PA and body fatness have been conflicting (Ravussin et al. 1986; Sopko et al, 1984; Prentice et al, 1986; Tryon, 1987; Meijer et al, 1992; Rutter, 1994) . This is primarily due to the difficulties inherent to measuring PA under free-living conditions, absence of standardization of measurement techniques, limited subject numbers, and the short duration of these studies.
Free-living PA could be best assessed on a minute-byminute basis using motion-sensing devices such as accelerometers. Accelerometers provide a portable, simple, affordable, objective, and socially acceptable method of measuring the amount of physical movement associated with freeliving PA (Cooper et al, 2000) . EE estimated using triaxial accelerometers has been shown to correlate with doubly labeled water measurements (Montoye et al, 1996) and with indirect calorimetry during sedentary activities (Bouten et al, 1994) . The triaxial Tritrac-R3D (Reining International, Inc., Madison, WI, USA) used in this study had been used to estimate EE under free-living conditions and compared to self-reports (Matthews and Freedson, 1995; Kochersberger et al, 1996) and under 24-h laboratory conditions with EE measured in a whole-room indirect calorimeter (Chen and Sun, 1997; Buchowski et al, 2002) . In the latter studies in both adults and adolescents, improved models were developed and validated using the simultaneous acceleration and EE data measured on minute-byminute basis.
In the present study, the Tritrac-R3D was used to examine intra-and interindividual variations in the amount and patterns of free-living physical movement in a heterogeneous adult population living in the Southern US. The primary hypothesis of this study was that in such a population, a significant association exists between the measured parameters of PA and body fatness, sex, and age. In addition, the study was aimed at exploring the inter-and intraindividual variations of free-living PA.
Research methods and procedures

Subjects
Normal healthy adult men (n ¼ 48) and women (n ¼ 72), 19-62 y old, were recruited from the Nashville, Tennessee area located in the Southeast United States using advertisements in the Vanderbilt University biweekly periodical, on local television stations, on posters, or through informal contacts. Potential participants received written information about the nature and purpose of the study. Signed informed consent approved by the Committee for the Protection of Human Subjects at Vanderbilt University was obtained before their participation in the study. Adult men and women were eligible for participation if they were apparently healthy with no evidence of past or present metabolic diseases (eg, thyroid disorders and diabetes mellitus), did not use drugs known to affect energy metabolism, were eating a normal balanced diet, and were nonsmokers. The study participants were not remunerated for taking part in the study. Their characteristics are shown in Table 1 .
Protocol
To assess adequately the amount and variation of free-living PA by each participant, the study period extended over 6-8 consecutive days, and included 5-6 weekdays (Monday through Friday) and 1-2 weekend days (Saturday and Sunday). Tritrac-R3D readings were recorded on a minuteby-minute basis throughout waking hours except for instances when this was not feasible (eg, during showering and swimming). Before data collection, all volunteers attended an informational session and answered a questionnaire concerning their past and present health and nutrition status, habitual activity patterns, and normal physical activities. During the information session, they were shown the proper placement and care of the Tritrac-R3D. Enrolled participants were instructed to maintain a physical activity dairy for verification purposes. Prior to actual data collection, subjects wore the Tritrac-R3D for a day in conjunction with keeping the activity dairy to ensure that they understood the procedures and to ask any questions.
Measurement of PA
The Tritrac-R3D activity monitors were used to measure minute-by-minute PA in terms of body acceleration in three dimensions (x or anteroposterior, y or medial-lateral, and z or vertical axis). The monitor (weighing 170 g and measuring 11.1 Â 6.7 Â 3.2 cm) was placed in a nylon pouch secured to the belt at the waistline, which was worn on the right hip. The primary outcome was the output of Tritrac-R3D, expressed as raw counts, reflecting acceleration in a particular axis. The square root of the sum squared of activity counts, or vector magnitude, was defined as the amount of PA (PA counts). Thus, PA counts objectively represent only the amount of the cumulated physical movements occurring during center of mass acceleration and deceleration. PA counts are thus independent of individual characteristics such as sex, weight, height, age, body composition, and resting EE.
To explore the variations in PA of different intensities, PA was categorized using metabolic equivalents (METs), as defined by the American College of Sport Medicine (ASCM) guidelines. The major advantage of this method is that individual differences in EE of PA (PAEE) from body weight are minimized. To model PAEE from body acceleration measured by the Tritrac-R3D monitor for each individual, minute-to-minute EE and PA were measured simultaneously for a 24-h period in a whole-room indirect calorimeter with a unique floor equipped with a force platform (Sun and Hill, 1993) . PAEE was defined as the measured EE above the baseline resting EE. Resting EE was defined as the average EE during a 30-min period while the subject lay awake quietly in bed early in the morning immediately following an overnight sleep and 10-12 h of fasting. The EE during periods when body motion (higher than 1 W) was detected by the force platform were excluded from resting EE calculation.
A two-component power-fitting model, previously developed and validated by the investigators (Chen and Sun, 1997) , was used to associate measured PAEE from the calorimeter and PA counts from the Tritrac-R3D. The model is shown as
where a, b, p 1 , and p 2 are parameters optimized by a computer modeling program (MatLab v6.1, MathWorks Inc., Natick, MA, USA) written specifically for this study. Body motion in the horizontal plane (x-and y-axis) was combined as one component (denoted as H), and acceleration in the vertical plane (z-axis) as the other component (denoted as V). The minimum least-square difference was used to optimize the model, which was developed for each participant, and was then used to predict his or her 7-day free-living PAEE in a minute-by-minute fashion using the measured PA counts from the Tritrac-R3D.
Patterns of PA Patterns of PA were also characterized by the time spent on different activities of varying intensities, day-to-day and minute-to-minute standard deviations of PA (SD-PA), and by sorting out days with minimum and maximum PA for each study participant. To calculate the duration of PA at various intensities, minute-by-minute PA counts were separated into four categories according to their estimated PAEE expressed as predicted METs. METs were defined as the ratio of the minute-by-minute predicted EE for the specific activity and the measured resting EE. Rest consisted of activities equal to 1 MET. Light activities included sedentary activities (1.1-2.9 METs). Moderate activities consisted of activities 3.0-6.0 METs. Activities requiring more than 6.0 METs were classified as hard or vigorous (Pate et al, 1995) . The duration of PA was calculated in minutes spent per day at each PA category.
Body composition
Body weight was measured to the nearest 0.05 kg with a digital scale. Body fat and fat free mass were determined by hydrodensitometry (underwater weighing). The subjects were weighed underwater while their residual lung volume was measured by a nitrogen dilution technique (Goldman and Buskirk, 1961) . The total percentage of body fat was calculated from body mass density using Schutte's equation for African Americans (Schutte et al, 1984) or Siri's equation for others (Siri, 1961) , while fat mass and fat free mass were calculated from body weight.
Maximal Fitness Testing (VO 2 max) Physical fitness was assessed by measuring the maximal oxygen consumption during the standard Bruce treadmill protocol (Blair et al, 1988) . The VO 2 max score is expressed in milliliters per kilogram of body weight per minute (ml/kg/ min).
Data analysis
All parameters that were used to describe the amount of PA (PA counts) were analyzed for the entire experimental period, and were then separated into weekdays and weekends. Weekday PA was defined as any activity that took place from 0700 hours on Monday through 0700 hours on Saturday. Weekend PA included all activities that took place from 0700 hours on Saturday to 0700 hours on Monday. The 
Results
Subject characteristics
Subject characteristics are shown in Table 1 . Men were significantly heavier, taller, had lower body fatness, and higher fat-free mass compared to women. Approximately 20% of the participants were African-American men (n ¼ 9) and women (n ¼ 16); race, however, was not used as a variable in analyses.
Compliance with measurement protocol Data were collected from a total of 139 participants, among whom 11 had fewer than 3 weekday measurements and eight had less than 1 weekend day and were thus excluded from all relevant analyses. The characteristics of the excluded group were not different from the included subjects in terms of weight, age, and body composition. The 120 participants included in the study wore the Tritrac-R3D monitor for 16.172.0 h/day. The duration of the monitor wearing was verified against daily activity records that included sleeping time. There was no significant correlation between the average daily duration of wearing the Tritrac-R3D and body fatness, sex, or age (P ¼ 0.283, 0.108, and 0.070, respectively). The duration of monitored PA was 2.670.4 h longer during the weekdays than during the weekend (Po0.001). There was no significant difference in the amount of PA between the subjects' measurement season (spring/fall, summer, and winter) to body fatness (P ¼ 0.625), or sex (P ¼ 0.355).
Amount of PA counts
As shown in Table 2 , the average total PA counts on weekdays, PA minimum, and minute-to-minute SD on weekdays did not differ between the sexes (all P40.05).
The total PA on weekends (P ¼ 0.023) and some measures of intraindividual variability of PA on weekdays such as daily SD (P ¼ 0.001) and PA maximum (P ¼ 0.019) were significantly higher in men than in women. Although the difference in the average amount of PA between weekdays and weekends was not significant (P ¼ 0. Figure 1 . Sex-and age-adjusted daily PA counts SD and minute-to-minute SD on weekdays were also significantly correlated with body fatness. As shown in Figure 2 , minute-to-minute SD on weekends was significantly correlated with age (r 2 ¼ 0.221, P ¼ 0.016). There was a negative correlation between the difference between daily maximum and daily minimum PA and body fatness (130.6 Â 10 3 778.3 Â 10 3 , r 2 ¼ 0.243, P ¼ 0.008). The overall regression equation is Daily PA max-PA min ¼ 140 Â 10 3 -1.391 Â 10 3 Â %Body Fat. These results are illustrated in Figure 3 .
Duration of PA
The average daily percent of time spent in each PA category is presented in Figure 4 . Figure 1 Relationship between PA and body fatness (%). A significant relationship was observed between PA counts and body fatness (%) after adjusting for age and sex (see Table 3 for corresponding analysis). Figure 2 Relationship between minute-to-minute SD of PA on weekends and age in a group of adult men and women. A positive relationship was observed between PA counts and age after adjusting for fat-free mass and sex (see Table 3 for corresponding analysis, regression coefficient ¼ À0.29).
Physical activity and body composition MS Buchowski et al women spent more time at resting PA (93.07176.6 min, Po0.001) and less time on low-intensity PA (95.47167.0 min, Po0.001) than on weekdays. Men spent less time in moderate PA during the weekday when compared to the weekend (78.6766.3 vs 84.7785.0 min, P ¼ 0.062), whereas women spent significantly more time on moderate PA on weekdays than on weekdays (55.4736.9 vs 45.8740.2 min, P ¼ 0.17). Women on average spent 2.65% less time on resting PA (P ¼ 0.132), 4.6% more time on lowintensity PA (P ¼ 0.006), and 1.8% less time on moderate PA (P ¼ 0.007) than men.
Discussion
In this study, we found that the average amount and variability of free-living PA in a heterogeneous adult population living in the Southeast US were negatively associated with body fatness. Both men and women spent approximately 95% of their active time in low-intensity PA (o3.0 MET), suggesting a sedentary lifestyle. PA patterns on weekends were different than on weekdays, and were related to sex and age.
Low levels of PA are associated with an increase in the prevalence of obesity and the current social and economic environment tends to discourage PA (Hill et al, 2003) . The present study identified a significant relationship between the amount of PA, daily variability of PA (SD-PA), and maximum weekday PA counts with body fatness. This finding is in agreement with our hypothesis that adult individuals with a higher percentage of body fat would perform less PA than leaner persons. These results are also in agreement with other studies that found a significant relationship between PA and body composition. For Min PA Max PA Figure 3 PA maximum and PA minimum (PA counts). A negative relationship was observed between PA maximum and body fatness (%) (see Table 3 for corresponding analysis, regression coefficient ¼ À1.39). Physical activity and body composition MS Buchowski et al example, Rutter (1994) , in a study of 26 university women who wore an accelerometer for 6 days, found a moderate negative relationship between PA counts and BMI on the last 3 days of the experimental period. In a recent study by Cooper et al (2000) of 84 working adults in Great Britain, obese (BMI 430 kg/m 2 ) men and women were substantially less active than nonobese (BMI 25-29.9 kg/m 2 ) participants for almost every hour of the weekday and the weekend. No such differences, however, were identified between normal weight (BMI o25 kg/m 2 ) and overweight (BMI 25-29 kg/m 2 ) adults. In contrast, Westerterp and Bouten (1997) . The subjects wore a triaxial accelerometer similar to the Tritrac-R3D for 7 days. The authors found no significant difference in PA counts between normal and obese subjects. They did find, however, that five out of the eight obese subjects, but only four out of the 30 normal weight subjects had low PA levels as classified by the World Health Organization. The remaining three obese subjects were categorized as having unreasonably high PA levels. Meijer et al (1992) also found no difference in average PA counts between six lean (B20% body fat) and seven obese (B37.3% body fat) subjects wearing a triaxial accelerometer in their free-living environment for 7 days.
In the present study, we examined the relationship between physical activity and age and found no relationship between total amount of PA measured by PA counts and age in the study population. It is difficult to compare our results to other studies since available data are limited. Caspersen and Merritt (1995) in their comprehensive analysis of PA trends in the US showed a positive relationship between age and physical inactivity. They also reported an increase in the percentage of men and women who were regularly active with increasing age and substantial inter-individual variability among surveyed participants. Likewise, Stofan et al (1998) , in a study of 13 444 men and 3972 women, found that older men engaged in significantly more regular PA than younger men and although not significant, older women were approximately 11% more physically active than younger women. In contrast, data from a national survey of US adults showed no age difference in participation in moderate and vigorous physical activity (Pratt et al, 1999) .
One possible explanation as to why the present study did not find a significant relationship between age and the total amount of PA performed lies within PA patterns and other uncontrolled behavioral factors. In this study, leisure time PA was not separated from job-related PA, both of which could be age related. The study did, however, demonstrate that age was negatively correlated to minute-to-minute SD on weekends. This might suggest that performing voluntary highand moderate-intensity PA was negatively correlated with age.
In past studies, the pattern of PA during the weekend and the weekday periods has shown conflicting results (Richardson et al, 1995; Sequeira et al, 1995; Wareham et al, 1997) . In the present study, women tended to move less on the weekend than during the weekdays whereas men did not show such differences. On weekends, both men and women spent significantly more time in resting activities requiring 1 MET than in low-intensity sedentary activities compared to weekdays. The percentage of time spent in moderate and vigorous PA was similar on weekdays and weekends. During the entire week, participants spent approximately 90% of their nonsleeping time (95% of total time) in resting and sedentary activities. As a result, the total time spent on activities requiring more energy was relatively low. Detailed analysis showed that both men and women spent approximately 1 h/day in moderate PA and less than 10 min/day in vigorous PA. There was no association between the time spent in these PA categories with sex or age on weekdays or weekends. Participants who performed at least 1 min of vigorous PA on weekdays had significantly lower body fatness than those who did not (29.971.1 vs 37.871.8%, P ¼ 0.001, ANOVA). A similar tendency was observed on weekends, although the difference in body fatness between those who performed at least some and those who did not perform any vigorous PA did not reach statistical significance (32.171.4 vs 28.771.3%, P ¼ 0.089, ANOVA).
The present study did not find any evidence of compensation for a low PA on weekdays with significantly more PA during the weekend. On weekends, however, men spent approximately 20% (20 min) more time on moderate PA and 30% (3 min) more time on vigorous PA than on weekdays. In contrast, women were slightly less active on the weekend compared to the weekday. Detailed analysis of intraindividual activity patterns showed a relatively high correlation between duration of PA on weekdays and weekends in moderate PA (r ¼ 0.651, Po0.001) and vigorous PA (r ¼ 0.385, P ¼ 0.001). This observation suggests that men and women who were more active on weekdays were also more active on weekends. Further analysis showed, however, that on weekends the number of women who did not perform any vigorous PA doubled (from 29 to 58%) and the number of those who performed vigorous PA for less than 10 min decreased from 47 to 17%, when compared to weekdays. The number of women who were performing vigorous PA for more than 10 min was approximately 25% on both weekdays and weekends. Similar trends were observed in men. The percentage of men who were not performing any vigorous PA grew from 35% on weekdays to 40% on weekend days and those who spent less than 10 min of vigorous activity did not change from weekdays to weekend, averaging 30%. Similar weekly PA patterns were reported by Gretebeck and Montoye (1992) . Earlier data from the 1996 national telephone survey of US adults showed that 27.7% of US adults were physically active and 43.1% participated in the same form of activity during the entire week but not enough to ensure health benefits (Gretebeck and Montoye, 1992) . Crespo et al (1996) estimated, based on results from the Third National Health and Nutrition Survey (NHANES III) , that approximately 20% of US adults are not involved in any form of leisure time PA with the rate higher in women (27%) than in men (17%). In our study, we did not separate work PA from leisure time PA. The occupation of 95 participants was sedentary and the average MET level for the subjects' occupation was 2.370.3 ranging from 2.0 to 4.0 MET. Approximately 75% of the study population required 2 METs or less at their job. We assumed, therefore, that vigorous PA in our study population was voluntary and not job-related. This assumption allowed us to calculate that 4.1 and 6.9% of women and 6.3 and 12.5% of men performed at least 20 min of vigorous PA on weekdays and weekend, respectively. Although we found a significant difference in body fatness between those who did not perform any vigorous PA and those who did some, there was no difference in body fatness between men and women who performed less or more than 20 min of vigorous PA (P ¼ 0.928, ANOVA). Similar data from the NHANES III showed that approximately 3% of women and 10% of men performed vigorous PA three or more times per week (Crespo et al, 1996) . The Healthy People 2010 guidelines recommend that adults perform at least 30 min of moderate PA on 5 or more days or 20 min of vigorous PA three or more times a week (US Department of Health and Human Services, 2000) . In our group, 17% of men and 32% of women did not achieve that recommended amount of PA. There was no difference in age between those who met or did not meet these criteria (P ¼ 0.548, ANOVA). Although those who spent more than 30 min on moderate and vigorous PA combined on at least 5 days had lower body fatness than those who performed less than 30 min on these activities (29.2711.0 vs 34.6712.5%), the difference between the two groups did not reach statistical significance (P ¼ 0.112, ANOVA).
There are several elements in the present study that may somewhat limit the generalizability of the results. First, we assumed that the average daily PA counts reflected all physical activities performed by the subject. Accelerometers are considered to be a relatively objective measure of PA under free-living conditions (Kochersberger et al, 1996; Westerterp and Bouten, 1997; Zhang et al, 2003) . However, it is well known that they do not adequately measure body movements of upper and lower extremities when the center of body mass (waist) remains motionless. These types of movements would increase the total amount of PA without a proportional increase in body acceleration readings estimated using the Tritrac-R3D model, which has been found to underestimate energy expenditure with increased workload of PA (Jakicic et al, 1999) . To minimize the prediction error, we individually calibrated Tritrac R3D for various forms of PA using a previously validated whole-room indirect calorimeter (Chen and Sun, 1997) . However, it is possible that the energy predicted was different from the actual energy spent for PA by our study participants due to the errors in prediction inherent to such models.
Another caveat could be the potential seasonal changes in patterns of PA. In our study population, however, there was no difference in the amount of PA performed during various seasons. Moreover, this was a cross-sectional study conducted over a 1-week period. PA during such a measurement period may not necessarily reflect the habitual level of PA over a longer time. Finally, the negative association between the amount of PA and body fatness found in this study may not fully reflect the association between energy expenditure of PA and body fatness, since the energy costs of PA is also dependent on the person's body weight. Hence, the amount of body movements during PA is not the only factor affecting the body weight regulation.
In summary, we found that in a heterogeneous group of adults living in the Southeastern US the amount of PA in the free-living negatively correlated with body fatness. The total amount of PA was not different between men and women and was not related to age. PA patterns on weekends were different from patterns on weekdays. Both men and women were mostly sedentary spending approximately 90% of their nonsleeping time in low-intensity (o3.0 MET) activities and less than 1% in vigorous (46 MET) PA. The patterns of PA on weekends were different from weekdays and were related to sex and age.
